Abstract Physical activity in childhood is important as it may establish adult behavior. However, few studies on physical activity in children have been conducted, especially in Asian children.
Introduction
Increasing evidence indicates that childhood obesity is on the rise and that it is associated with various chronic illnesses in adulthood. Several studies have shown that many of the known risk factors for chronic diseases are also present in youth, and it has been suggested that inactivity during youth is linked to several health-related risks in adulthood (Serdula et al., 1993; Wang et al., 2002) . Conversely, the establishment of healthy patterns of physical activity in childhood tends to promote an active lifestyle in adulthood. Therefore, from the perspective of promoting health, it makes sense to ensure that people are physically active from a young age.
Asian countries have experienced rapid urbanization, which has precipitated the following lifestyle changes among East Asian children: more children live in high-rise apartments, with limited places to play close to their homes; physical activity levels have decreased; fast food and junk food consumption has increased, with children overeating and consuming more high-fat and high-calorie foods; and although increases in body weight in children are often balanced with increases in height, a higher prevalence of overweight and obesity exists. , and Masaru Ishii Most of us realize the importance of studies on physical activity of children, although few such studies exist compared to those of adults, and especially few studies have targeted Asian children. The gold standard for assessing physical activity is the doubly labeled water (DLW) method. While this method has the advantages of high validity and simplicity, it is too expensive to be widely used because it requires a sophisticated laboratory for mass spectrometric analysis. In addition, the measurement does not provide data on the type, frequency, intensity, or duration of physical activity, and thus we cannot learn a subject's activity patterns from this method. In contrast, activity monitors such as accelerometers can provide physical activity patterns. Children are likely to engage in bending, jumping, running, and throwing as part of their daily physical activities (Ott et al., 2000) , and previous studies have shown that accelerometers are appropriate for measuring children's free-play physical activity (Eston et al., 1998; Mota et al., 2003) . Therefore, these devices might be useful for providing a more complex and accurate understanding of the differences in activity patterns among children.
The objectives of this study were to assess the habitual physical activity levels of school children living in urban cities in Korea and China using accelerometers, with special attention to gender and age differences; to examine the relationship between physical activity and nutritional status (body composition); and to explore the daily variation in physical activity, including the differences between weekdays and weekends.
Materials and Methods

Study sites
Chuncheon is located in central Korea, 80 km northeast of the South Korean capital of Seoul. It is a lakeside city with a population of 250,000, and is the capital of Gangwon-do Province. The city of Dalian, which provided the sample of Chinese children, is located at the southern end of the Liaodong Peninsula. The city connects the northeast, northern, and eastern parts of China, and it is one of the country's most important harbors. Its population exceeds 5,500,000. One elementary school (grades 1-6) and one junior high school (grades 7-9) were selected in each country.
Participants
The study participants were 159 school children from Chuncheon, Korea, and Dalian, China. They included 20 boys and 20 girls from each school in grade 5 (10-11 years old) and grade 8 (13-14 years old), although only 19 Korean elementary school girls participated. The students were fully informed about the procedures and purpose of the study. Informed consent was obtained from each child and his/her parent(s) after explaining the purpose of the research and its contents through their schoolteachers.
Measurements
Anthropometric dimensions were measured following a standard protocol (Weiner and Lourie, 1981) . Height was measured to the nearest 1 mm using anthropometers. Body weight was measured to the nearest 0.1 kg at the same time the bioelectric impedance was measured using a body fat analyzer (TBF310; Tanita, Tokyo, Japan) to estimate the percentage of body fat (%fat). The body mass index (BMIϭ[body weight
2 ) was calculated from these values. For each participant, a portable activity monitor based on a uniaxial accelerometry sensor (Lifecorder; Suzuken, Nagoya, Japan) was attached at the waist, and acceleration was recorded for 7 consecutive days. Since it was small and light (62ϫ46ϫ26 mm, 40 g), the activity monitor did not affect the children's behavior. The device provided good assessments of energy expenditure (EE) compared to indirect calorimetry, activity diaries, or heart-rate monitoring (Kumahara et al., 2004) , and it measured EE effectively under free-living conditions compared to the recall of physical activity (Suzuki et al., 1997) . In addition to the total daily energy expenditure (TEE) and daily step frequency (STP), the raw accelerometry data were recorded at 2-min intervals and downloaded to a laptop computer. The physical activity level (PAL) was determined for each participant, which was calculated as the TEE divided by the basal metabolic rate (BMR) estimated by gender-age equations (FAO/WHO/UNU, 1985). The use of PAL allows the comparison of individuals having different body sizes.
Comparisons of physical activity indices between normal and overweight children
The participants were divided into two groups, normal and overweight, based on the BMI cutoff values developed for the International Obesity Task Force by Cole et al. (2000) . Then, the TEE, which the accelerometer calculated automatically, PAL, and STP were compared between the two groups.
Daily variation in physical activity
For school children, daily physical activities may differ between weekdays and weekends. We compared the physical activity indices such as TEE, PAL, and STP between weekends (i.e., Saturdays and Sundays) and the 1-week average.
Statistical analyses
The data were expressed as the meansϮSD. Age and gender differences were examined using the unpaired t-test, whereas day-to-day differences were evaluated with the paired t-test. Correlations between two variables were found using Pearson's correlation. All analyses were conducted with the JMP statistical package (SAS Institute, Cary, NC, USA) with statistical significance assigned at pϽ0.05. Table 1 shows the results for the body size and body composition of the Korean and Chinese children. The Chinese children were taller than their Korean counterparts, but a significant difference was found only among junior high school girls (grade 8). No significant differences in body weight were found between Korean and Chinese children in any of the four subgroups. Similar to body weight, no significant country differences were found in BMI in any of the four subgroups, although Korean children tended to have higher values than their Chinese counterparts. The Korean children generally had a higher %fat than their Chinese counterparts; a significant difference was found between the elementary school boys (pϽ0.01) and girls ( pϽ0.05). The mean BMI values were within the normal range (Cole et al., 2000) , while the mean %fat for Korean boys exceeded 20% in both grades.
Results
The physical activity indices of the Korean and Chinese children by gender and age group are summarized in Table 2 . Overall, the PAL values for both the Korean and Chinese children were low. Older children had significantly higher TEE and BMR than younger children, while older children tended to have a lower PAL and STP than younger children. For the two indices, significant age differences were observed in all four subgroups, except for Chinese girls in PAL, and were found in girls from both countries in STP. A clear gender difference was detected in PAL: girls were more active than boys in the same grade in either Korean or Chinese children. In contrast, in STP, a significant gender difference was found only in Chinese eighth grade children. In contrast to PAL, boys had higher values than girls in STP.
No significant difference was found in either PAL or the daily step frequency between the normal and overweight groups across all four country-gender subgroups (Table 3) . However, a simple linear regression analysis revealed weak, but significant, negative correlations for body weight (rϭϪ0.38), BMI (rϭϪ0.33), or %fat (rϭϪ0.32) vs. the STP (all pϽ0.05) in Korean girls, but not in Korean boys. Similarly, significant negative correlations were observed for body weight (rϭϪ0.36), BMI (rϭϪ0.36), or %fat (rϭϪ0.32) vs. PAL (all pϽ0.05) in Chinese boys, but not in Chinese girls.
The differences in the physical activity indices were illustrated between weekends (Saturday or Sunday) and the 1-week average in Korean and Chinese samples pooling the genders and age groups in Figures 1-1 (TEE), 1-2 (PAL), and 1-3 (STP). In Korea, the physical activity indices on Sundays were significantly lower than the 1-week average. In contrast, Chinese children were similarly active on Saturdays and Sundays compared to the 1-week average, although their STP on Sundays was significant higher than the 1-week average.
Discussion
The body measurements indicated that the overall nutritional status of the Korean and Chinese children was good (Table 1) . When our samples were compared to those of the Japanese (mean values; Ministry of Health, Labor and Welfare, Japan, 2002) and US (median values; Kuczmarski et al., 2002) national references, the Korean and Chinese boys and girls were taller and heavier in all four gender-age subgroups.
No agreement exists on the classification of overweight and obesity based on the %fat in children and adolescents, unlike the classification based on BMI. Taylor et al. (2002) proposed %fat cutoffs ('overweight' and 'obesity') according to gender and age (3-18 years). They defined overweight as Ն22%fat for boys and Ն30%fat for girls in 11 years, Ն23%fat for boys and Ն34%fat for girls in 14 years (Taylor et al., 2002) . The mean %fat for Korean boys (22.5 and 22.0% for grades 5 and 8, respectively; Table 1) exceeded the 'overweight' cutoff for 11 years and was borderline for 14 years. In contrast, for Korean girls and Chinese boys and girls in both grades, the mean %fat was lower than the corresponding %fat cutoff for age (Table 1) . In summary, the results suggest that the Korean and Chinese children were well-nourished, and that Korean boys tended to be overweight. Previous studies have indicated that accelerometry underestimates EE and TEE (e.g., uniaxial accelerometers, Bray et al., 1994; triaxial accelerometers, Chen and Sun, 1997) . In a study using the same device (Lifecorder) as employed here, the TEE was significantly underestimated (8%) compared to the value obtained using a human calorimeter (Kumahara et al., 2004) . Higuchi et al., (2003) noted two reasons for the underestimation of TEE by the device: a problem with basal metabolic rate (BMR) estimation and a problem with manufacturer's algorithm and predictive equations used for calculating EE and TEE. In fact, the PAL values of our sample were low ('light' level according to Torun et al., 1996) , but consistent with the low levels of STP; the daily step frequencies were below the recommended cutoffs (15,000 and 12,000 steps/day for boys and girls, respectively; Tudor-Locke et al., 2004) . Therefore, it seems reasonable to conclude that even if the accelerometer underestimated TEE in this study, the daily physical activity level of the urban school children in Korea and China would still be light.
Unexpectedly, we obtained similar interesting results concerning the age and gender differences in PAL for both countries: junior high school students (grade 8) were less active than elementary school children (grade 5) and boys were less active than girls. However, a review by Torun et al. (1996) showed that TEE standardized by body weight (kcal/kg/day) decreased with increasing age, whereas no clear tendency for PAL was observed according to the age increase; the PAL cutoff for 6 to 13 years was higher than that for 14 to 18 years in girls, while the PAL cutoff for 6 to 13 years was lower than that for 14 to 18 years in boys. In addition, the results for the daily step frequencies in our sample did not fully support those for PAL (Table 2) . Further studies are needed to conclude whether the two results from this study-that older children are less active than younger children and that boys are less active than girls-represent general tendencies among East Asian children. Above all, it is necessary to compare the TEE automatically provided by the device to the recalculated TEE using the measured BMR or RMR and another algorithm based on raw physical activity data and the corresponding EE.
The relationship between nutritional status based on BMI and %fat, and physical activity is controversial. However, many cross-sectional studies have found that overweight or obese subjects were less active than control subjects (Shulz and Schoeller, 1994; Davies et al., 1995; Westerterp and Goran, 1997) . We found no significant difference in either PAL or the daily step frequency between the normal and overweight groups (Table 3) . However, weak negative correlations between the indices of body composition and physical activity were observed in Korean girls and in Chinese boys. One possible explanation is that the sample size was too small for statistical analysis, especially that for overweight girls (six Korean and five Chinese).
For schoolchildren, daily physical activities may differ between weekdays and weekends. Korean children were significantly less active on Sundays than the 1-week average, while in Chinese children, no clear difference was seen between weekends and the 1-week average (Fig. 1) . Longitudinal measurements of physical activity, such as acceleration monitoring, should provide reliable results about the daily variation in physical activity. These results suggest the importance of learning how children spend their time on Sundays, in order to evaluate the timing and types of physical activities in which the children participate. In addition, further studies are needed to evaluate the physical activity at school and outside school. In summary, the urban school children in Korea and China were well nourished and the levels of daily physical activity were generally low in both boys and girls from both countries. Older children were less active than younger children and boys were less active than girls. No strong relationship appeared between body composition and physical activity, although weak negative correlations were observed in Korean girls and Chinese boys. On Sundays, Korean children were less active compared to the 1-week averages.
